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Hot Corrosion Behavior of Ni-Cr-W-C Alloys in Impure Helium Gas

Taizo OBMURA, Kensho SAHIRA, Akikiko SAKONOOKA, and Noboru YONEZAWA

Synopsis:

Influence of the minor alloy constituents such as Al, Mn and Si on the hot corrosion behavior of Ni-
20Cr-20W-0.07C alloy was studied in 99.995% helium gas at 1 000°C, comparing with that behavior of
commercial Ni-base superalloys (Hastelloy X and Inconel 617).

The low oxidizing potential in the impure helium gas usually causes selective oxidation of these elements
and the growth of oxide whiskers on the surface of specimen at elevated temperature.

The mtergranular attack was caused by selective oxidation of Al, Si and Mn.

The spalling of oxide

film was restrained by addition of Mn and Si, providing tough spinel type oxide film on the surface and

‘Keyes’ on the oxide-matrix interface respectively.

The amount and the morphology of the oxide whiskers depended on Si and Mn confent.

More than

0.299%, of Si content without Mn always caused the growth of rather thinner whiskers with smooth surface,
and the whiskers analyzed by electron diffraction patterns and EPMA to be Cr,O; containing Si. Mn
addition changed the whiskers to thicker ones of spinel type oxide (MnCir,O,) with rough surface.

On the basis of these results, the optimum content of Al, Mn and Si to minimize the growth of whiskers,
the intergranular attack and the spalling of oxide film was discussed.
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Table 1. Chemical compositions and Solution heat treating condition of specimens. (wt%)

Solution heat

Alloys C Mn Si Al Ti Cr w Mo Fe Co Ni
treatment

E-11 0.04 — — 0.11 — 21.00 18.62 — — — bal. 1275°C X1hr
E-31 0.08 0.39 — 0.11 — 21.00 18.62 — — — 7 7

E-32 0.06 0.89 — 0.11 — 21.00 18.62 — — — 7 4

E-33 0.07 1.31 — 0.11 — 21.00 18.62 — — — 4 4

E-40 003 — 0.29 0.11 — 21.00 18.62 — — — 7 4

E-41 0.07 — 0.3 0.11 — 21.00 18.62 — — — 7 4

E -42 0.01 — 0.76 0.11 — 21.00 18.62 — — — 4 4

E-43 0.08 — 097 0.11 — 21.00 18.62 — — — 4 4

E-51 0.07 0.81 0.73 0.11 — 21.00 18.62 — — — 4 1250°C x 1 hr
F-11 0.11 — — <0.02 — 20.0%* 20.0* — — — 4 1275°C x1hr
F-32 0.08*0.81 — <0.02 — 20.0* 20.0* — — — 4 7

F-42 0.06 — 0.72 <0.02 — 20.0%+ 2.0+ — — — 4 4

F-51 0.07 0.76 0.48 <0.02 — 20.0* 20.0* — — — 4 1250°C x 1 hr
Hastelloy X 0.07 0.54 0.39 0.3 — 21.28 0.57 8.9917.86 0.79 ~# 1150°C x 15 min
Inconel 617 0.07 0.04 0.43 1.20 0.35 20.5 — 8.5 — 12,0 7 1177°C %X 15 min

* aim point
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Photo. l. Surfaces of specimens corroded in 99,9959He gas at 1000°C for 100 hr. Gas
flowed from left to right. White spots show the spalling of oxide scale.
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Fig. 3. Influence of Al, Mn, and Si on the spalling of scales and intergranular
attack in 99.9959%He gas at 1000°C for 100 hr.
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Photo. 2. Intergranular attack in 99.995%He gas at 1000°C for 100 hr.
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Photo. 3. Scnning electron micrographs of E-42 specimen surface corroded
in 99.995%He gas at 1000°C for 100 hr, showing the different
appearance with positions for the gas flow.

A: front edge, B: 1.5mm, C: 3mm, D: 5mm, E: 7.5mm, F: tail end
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Photo. 4. Scanning electron micrographs of specimen surfaces corroded in 99.995%He

gas at 1000°C for 100 hr.

A: E-11, B: E-32, C: E-33, D: E-42, E: E-51, F: Hastelloy X
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Fig. 4. Schematic interpretation of oxidized
surface stractures of Ni-Cr-W alloys.
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Photo. 5. Electron probe micrographs of the whiskers
grown at tail end of E-42 specimen corroded
in 99.995%He gas at 1 000°C for 100 hr.
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Photo. 6. Bright image and diffraction patterns of the whiskers grown on
the surface of specimens corroded in 99.9959%He gas at 1000°C
for 100 hr.

A: E-42, B: E-51, C: Hastelloy X
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